This review presents synthetic results of remote sensing application in monitoring and management of seagrass beds in the Southeast Asia region. The objective of this paper aims to evaluate the status and potential of using remote sensing technologies in seagrass mapping to enhance its effective utilization and management. The results showed that the number of studies in the application of remote sensing for seagrass are still limited, mainly from 2011 to 2017, which focus on habitat mapping (accounting for 62 %) and other studies on the detection of seagrass change in temporal (38 %). The number of studies on using medium and high resolution remote sensing images are approximately about 50 % and 44 %, respectively. Only 6 % studies used very high resolution remote sensing images. Finally, it is suggested that having more study in seagrass bed mapping by using remote sensing data is significant for understanding the variability of seagrass beds in the coastal areas for effective management and protection in the future.
INTRODUCTION
Seagrasses are the aquatic flowering plants that widely distribute in coastal brackish lagoons, bays, estuaries and nearshore of the islands. They actually play an important role in coastal ecosystems and human [1 -7] . However, the degradation of seagrass beds has been seriously occurred, especially in the Southeast Asia countries [4, 7, 8] . The main reason of this decline was human's activities and partly natural disasters [9 -12] .The remote sensing data can provide information for assessing the evolution of the coastal ecosystems in the past, describing the status and predicting trends for their dynamics in the future [13] . The detection of seagrass changes by using satellite remote sensing data contributes significantly to management and monitoring of coastal and marine ecosystems. The spatial distribution data and qualitative characteristics of habitats can be considered as the basic and essential information that help us to understand and protect the ecosystems from impacts of human and nature [13 -15] . Therefore, the application of remote sensing data in mapping and finding the habitat's change has become a vital tool for assessing and monitoring coastal ecosystems as well as supporting for constructed spatial planning of coastal works [9, 13, 15] .
Based on that, this study was conducted with three objectives: i) Synthetic study the resources distribution and current status of seagrass in the Southeast Asia; ii) The results of this study showed a general picture of seagrass studies by using the remote sensing images and GIS technology in Southeast Asia countries has taken; and iii) Which research direction should be further developed in the future to monitor and manage effectively seagrass resources.
METHODS
This review focused on papers that used satellite remote sensing data to monitoring and mapping seagrass beds in the Southeast Asian countries. The approach applied for the published articles which were collected in two main data resources including ScienceDirect (www.sciencedirect.com) and ResearchGate (www.researchgate.net). ScienceDirect is a website which ran by the Elsevier publisher in the UK-Holland. This is one of the largest libraries in the world for scientific journals and magazines with all majors established in March 1997 with approximately 2,500 scientific journals and more than 26,000 e-books. ResearchGate is the most popular website in the world today for scientists in order to connect researchers each other and promote the exchange of results, knowledge and experiences. The published articles in the ResearchGate were issued in the domestic and foreign scientific journals. In addition, this paper also referred to four referencing books on seagrass composition species and resources in Vietnam, Indonesia, Malaysia, Thailand; and a book on satellite remote sensing. Of the 35 articles used in this paper, 16 articles on remote sensing application were used to map seagrass distribution and variation in Southeast Asia countries, the remaining articles on seagrass resources (17 articles) and remote sensing studied review for seagrass (2 articles).
Terms and keywords such as "Seagrass mapping", "Southeast Asia", and "Remote Sensing" were used individually to search the related papers from two main databases. We classified the published studies into two groups based on whether they apply remote sensing imagery in seagrass study. This review only focused on published research articles in international journals. It is noted that our literature search did not include projects' summary and technical reports of the topics that have not yet been published in prestigious journals.In term of the classification spatial resolution, remote sensing images was divided based on Samantha & Lavender, 2015 report [32] . Microsoft Excel 2013 used for data storing and processing.
RESULTS AND DISCUSSION

Characteristics of seagrasses in the Southeast Asia countries
Located in the tropical region, the Southeast Asia has a number of abundant seagrasses with 20 seagrass species out of 72 species in the world (accounting 28 %) and the distribution area of more than 3.1 million hectares [5 -7, 16 -19] . Indonesia is the country that had the largest seagrass area with approximately 3 millions hectares [5] whereas seagrass' distribution area in Singapore was the least with 40 hectares [17] . So far, we could not find any literatures documented the distribution area of seagrass in Myanmar. In the coastal areas of Vietnam, 16 seagrass species have been identified with a distribution area approximately 18,130 ha [7] . However, the distribution area of seagrasses in Vietnam have tended to seriously reduce in temporal scale [10 -12, 20, 21] .
Recently, seagrasses in the Southeast Asia have dramatically declined. The distribution area of seagrass was reduced about 30 -50 % in Indonesia and Philippines [1, 4, 8] ; 20 -30 % in Thailand [1] . In Vietnam, the distribution area of seagrass reduced 45.4 % in the last two decades and the average loss rate of the whole country was 4.4 % per year [1] . The declining reasons included human activities such as fishing, boat mooring caused the erosion of seagrass beds in coastal areas; aquaculture and environmental pollution increases the turbidity of water which leading to seagrass growth very slowly; port constructive activities; land reclamation for building accommodations and tourism facilities led to the loss of seagrass beds [4, 8, 23] . Besides, natural disasters such as tropical typhoons, coastal floods and turbidity also influenced seagrass beds [9 -12] .
Seagrass monitoring and management by using remote sensing imagery
Research situation in the Southeast Asia countries
The studies of mapping and analyzing of seagrass change using of remote sensing images in the Southeast Asia countries are still limited. According to our statistics, each country in the Southeast Asian countries has only 1-3 seagrass studies using remote sensing imagery (Table 1) . At present, we have not found any published literatures of the remote sensing imagery application in seagrass studies in Indonesia and Singapore. 
Research situation in Vietnam
In Vietnam, the application of remote sensing imagery and GIS technology on seagrass research has only been implemented since 2009 with five typical studies that are presented in the Table 2 .
One of the first study related to this research topic which was conducted by Cao et al. [9] using remote sensing images and GIS technology in seagrass mapping in Vietnam coast. The results showed that seagrass area in Vietnam was 17,000 hectares. Seagrass distribution was sharply declined (over 50 %) compared to the period 10-15 years ago. Several seagrass beds in Quang Ninh, Hai Phong and Phu Quoc provinces were almost lost. The seagrass beds in the Tam Giang -Cau Hai lagoons and Cua Dai estuary in 2009 decreased by 50-70 % compared to the 1990s [11] . The cause of the degradation was mainly affected by natural factors (e.g. tropical typhoons, high turbidity) as well as human impacts (e.g. destructive fishing, oil spills, and aquaculture activities). Remote sensing data such as ALOS AVNIR-I, AVNIR-II, Landsat TM and SPOT 5 were used to map and compare changes of seagrass distribution [9] . Table 2 . Seagrass studies using remote sensing image in Viet Nam.
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Potentials of remote sensing application in the seagrass beds management
The remote sensing imagery resources are divided into three groups: medium spatial resolution images (MSR) (1 km -30 m), high spatial resolution images (HSR) (< 30 m) and very high resolution images (VHSR) (< 1 m) [32] . It can be seen that, about 50 % of MSR, 44 % of HSR and 6 % of VHSR were used in seagrass studies in the Southeast Asia countries. Remote sensing application for studying in seagrass change in temporal is still relatively small, with only 38 % of the studies, mainly using the remote sensing images for mapping (62 %) (Figure 1) . Among typical studies in the Southeast Asia region of which two studies were conducted by Hossaina et al. [26] in Malaysia and Chi-Farn et al. [2] in Vietnam. This opened up new potential for the further seagrass researches by using remote sensing images. In particular, the study of Hossain et al. presented the reasons given seagrass's degradation. Therefore, it is essential to find solutions for restore and preserve the seagrass beds. Chi-Farn et al. used the remote sensing images from 1996 to 2005 to find seagrass changes in temporal, thereby predicting seagrass changes in the future and recommending effective and sustainable management measures. 
CONCLUSIONS
The application of remote sensing images and GIS technology in mapping and analyzing of seagrass changes in the Southeast Asian countries are generally limited. Only few studies conducted in Cambodia, Myanmar, Malaysia, Philippines, Vietnam, and Thailand. Up-to-date, there has not any published documents related to the remote sensing imagery for seagrass mapping in Indonesia and Singapore. Southeast Asian region has more than 3 million hectares of seagrass. Therefore, a comprehensive seagrass study program by using satellite remote sensing and GIS technology is required in order to propose an efficient management and sustainable utilizing measures of seagrass resources. Future research efforts could be focused on (i) Using remote sensing images to evaluate temporal changes of seagrass beds in the Southeast Asian countries; (ii) Determining the cause of seagrasses changes; and (iii) Proposing measures for sustainable management and protection of seagrass beds in the Southeast Asian countries.
